The role of lysine 529, a conserved residue of the acyl-adenylate-forming enzyme superfamily, in firefly luciferase.
Firefly luciferase catalyzes the highly efficient emission of yellow-green light from the substrates luciferin, Mg-ATP, and oxygen in a two-step process. The enzyme first catalyzes the adenylation of the carboxylate substrate luciferin with Mg-ATP followed by the oxidation of the acyl-adenylate to the light-emitting oxyluciferin product. The beetle luciferases are members of a large family of nonbioluminescent proteins that catalyze reactions of ATP with carboxylate substrates to form acyl-adenylates. Formation of the luciferase-luciferyl-AMP complex is a specific example of the chemistry common to this enzyme family. Site-directed mutants at positions Lys529, Thr343, and His245 were studied to determine the effects of the amino acid changes at these positions on the individual luciferase-catalyzed adenylation and oxidation reactions. The results suggest that Lys529 is a critical residue for effective substrate orientation and that it provides favorable polar interactions important for transition state stabilization leading to efficient adenylate production. These findings as well as those with the Thr343 and His245 mutants are interpreted in the context of the firefly luciferase X-ray structures and computational-based models of the active site.